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APPARATUS FOR AFFIXING A ROTATING CYLINDRICAL 
MAGNETRON TARGET TO A SPINDLE 
DESCRIPTION 

TECHNICAL FIELD 

5 This invention relates, generally to a rotating 

cylindrical magnetron apparatus, and more specifically to 
an improved method and apparatus for affixing the target 
of such an apparatus to its support spindle. 
BACKGROUND ART 

10 This invention relates directly to ari apparatus 

used for magnetron sputtering utilizing rotating, 
cylindrical shaped targets. The cylindrical targets. are 
• used to deposit various materials onto a variety of 
substrates, typically, but not limited to, glass 

15 substrates. The materials are deposited in a vacuum 
chamber using a reactive gas, magnetron sputtering 
technique. The principles and operation of one such 
apparatus are described in detail in Boozenny et al . U.S. 
Patent 5,096,562, describing a large-scale cylindrical 

20 sputtering apparatus used for sputtering coatings on 

architectural glass panels, automobile windshields, and 
the like. 

There are several advantages for using a 
rotating cathode apparatus, as opposed to a flat magnetron 

25 system. Some of the advantages include higher deposition 
rates, higher target material inventory (utilization) per 
cathode, low maintenance frequency and better cost 
efficiency, all as compared to a planar magnetron. 

Another major advantage for using a cylindrical 

30 target, as opposed to a planar target, is that a rotating 
cylindrical target can successfully sputter Silicon 
compounds, for example Si3N4 and Si02 . These compounds 
are extremely difficult to produce using a planar target, 
as is taught by Wolfe et al . U.S. Patent 5 , 047 , 131 . 

3 5 The foregoing are advantages in principle, but 

have not been proven to be advantages in fact. While a 
considerable amount of effort has been spent developing 
the apparatus used for rotating cylindrical targets, the 
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advantages have not been demonstrated in practice. The 
apparatus which has been used for sputtering with 
cylindrical cathodes on large scale substrates has failed 
to demonstrate most of the above -no ted advantages, with 
the exception of being able to sputter Si using reactive 
gases used to form Si compounds. However, while it has 
been possible to sputter reactive Si compounds, the 
reliability issues related to the cylindrical target 
apparatus overshadow the advantages. 

The cylindrical target apparatus, as described 
in Boozenny et al . , prohibits the possible advantages from 
being achieved, due to frequent mechanical break-down's 
resulting in significant loss of production time. A 
common source for mechanical failures of the rotatable 
cathode are water leaks occurring at the interface of the 
support spindle and cylindrical target. In order to make 
the rotatable cathode efficient and to accommodate the 
required cooling and magnet assemblies, it is necessary 
that a detachable cylindrical support spindle be employed 
in the design to support the target structure oh at least 
one end of the target. The reason for employing a 
detachable support spindle is to allow access and removal 
of the cooling and magnet assemblies during target 
replacement. Further, providing a detachable spindle 
25 mechanism provides a more efficient method for the 
manufacturing of the cylindrical targets. 

A major consideration in the design of a 
detachable support spindle is that this interface 
represents one of the most critical sealing areas of the 
30 cathode system. This is due to the fact that any seal at 
the spindle -to- target interface is subjected to high 
vacuum on one side of the seal surface, and high water 
pressure on the opposite side of the seal surface, 
representing an extreme condition for a seal. 

Another consideration for a detachable support 
spindle is the number of seals that are utilized in the 
design. Therefore, it becomes most desirable to minimize 
the sealing surface to a single seal, thereby minimizing 
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the possible locations for water- to -vacuum leaks within 
the vacuum chamber to a single location, as opposed to 
multiple locations. 

Yet another consideration for the spindle- to- 
5 target interface is where and how the seal is placed with 
respect to the detachable support spindle and the target's 
sealing surface (s) . To minimize the possibility of water- 
to vacuum leaks within the vacuum chamber it is advisable 
to place the seal in an area of this interface where the 

10 sealing surfaces are least likely to be damaged during the 
handling, cleaning and replacement of the target 
structure. Therefore/placement of the seal at the end of 
the target, on a flat surface, perpendicular to the target 
surface, should be avoided. Also, the seal itself should 

15 be prevented from any movement during the process of 

attaching the spindle to the target, and that during this 
process the seal should be compressed in a uniform manor, 
so that an equal and continuous force is exerted during 
the compression of the seal. 

2 0 Still another consideration for the detachable 

support spindle is to provide a quick and easy methodology 
for removing the detachable support spindle from the 
target during the process of maintenance, repair, and 
replacement of the target. However, the spindle- to - target 

2 5 interface can be subjected to extremely high axial and 

radial forces. These high forces can be created by a 
combination of factors. The length, weight , rigidity and 
concentricity of the cylindrical target account for some 
the factors that contribute to the high forces involved. 

3 0 Another contributing factor is the high temperature that 

is applied to the target during the sputtering process, 
causing thermal expansion of the target, both 
longitudinally and radially. It is therefore not 
advisable to incorporate any clamping structures to the 
3 5 inside circumference of the cylindrical target for the 

purpose of affixing the support spindle structure to the 
target structure, and/or for the purpose of compressing 
the seal at the spindle- to- target interface. 
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Yet another important factor for consideration 
is that the support spindle must accommodate the rotation 
of the target in either a clockwise or counter-clockwise 
direction during the sputtering process. The methodology 
employed for a quick and easy removal system should comply 
with all of the above mentioned considerations. 

Another consideration for a detachable support 
spindle is that the attachment methodology should allow 
for an efficient and uncomplicated means of recycling the 
support cylinders that are often used to carry the target 
materials used for sputtering. For example, in some cases 
a cylindrical support , structure must be utilized for the 
sputtering of materials that do not have enough mechanical 
strength to support themselves (e.g. , Silicon or other 
materials that are either too soft or too brittle) . Prom 
an efficiency standpoint, the support structures should 
have the capability to be recycled. Therefore, it becomes 
important to consider the method of attaching the support 
spindle to such a cylinder. 
20 OBJECTS AND ADVANTAGES 

It is therefore an object of the present 
invention to provide various features to safeguard against 
water- to -vacuum leaks at the spindle- to- target interface 
of a rotating cylindrical target. 
25 It is a further object of the present invention 

to improve the speed and simplicity of removing and re- 
installing the support spindle to a rotating cylindrical 
target. 

Yet another object of the present invention is 
3 0 to provide a fixation structure of sufficient strength to 
overcome the extreme mechanical forces that are exerted at 
the spindle- to- target interface. 

It is a still further object of the present 
invention to provide an efficient method to enable the 
35 recycling of the cylindrical support structure which may 

be used to support various sputtering materials. 

Other objects and advantages will be obvious to 
a person skilled in the art from the following description 
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of the present invention. 

DISCLOSURE OF INVENTION 

The method and apparatus for affixing a rotating 
5 cylindrical magnetron target to a spindle of this 
invention provides various structural features and 
techniques used to accomplish the foregoing objectives for 
improving the reliability of a rotating cylindrical 
magnetron cathode . 
10 One feature of the present; invention is the 

strategic placement, of the water- to- vacuum seals located 
on at. least phe end of >a rotating cylindrical target and 
' y support - spindle 'Is tirab*fcttr#, infceirf aee ahd tb ; iiii^'t^thie \. "• - 
number of seals at this location to a single seal . 
15 Further to the issue of strategic placement of this seal , 
this invention provides a structural feature whereby the 
vacuum integrity of the seal is maximized. 

Another feature of the present invention is tb 
provide a structural technique whereby the seal will not 
20 move or rotate during the assembly process of affixing the 
support spindle to the rotating cylindrical target, and 
that a uniform and constant pressure will be exerted 
during compression of the seal, thereby preventing damage 
to the seal during the assembly process of attaching the 
25 support spindle to the cylindrical target. 

A further feature of the present invention 
incorporates a fixation method whereby attaching the 
support spindle to the cylindrical target is accomplished 
by using the outer circumferential surface on at least one 
30 end of the cylindrical target itself . Employing this 

method provides adequate structural strength to overcome 
the mechanical forces that are exerted at the spindle-to- 
target interface. An added advantage of this fixation 
method is that it provides a quick and easy technique for 
3 5 removing the support spindle from the cylindrical target 
due to the convenient accessibility of the fixation 
mechanism. 

Yet another feature of the present invention is 
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a removable thread system located on at least one end of 
the cylindrical target, which is utilized as part of the 
fixation mechanism described above. The advantage of the 
removable thread system is that it provides a method 
whereby the cylindrical target support structure can be 
efficiently recycled. Also, since the threads are 
removable, the material used for the threads can be 
dissimilar to that of the materials used for the support 
spindle and cylindrical target support structures. This 
is an important factor when considering the effect of the 
similar metals utilized for thread systems used in a 
vacuum environment where high temperatures are 
commonplace. For example, stainless-steel thread systems 
in such an environment tend to bond together so that 
15 separation of the threaded parts can become difficult or 
even impossible, and may cause damage to the parts during 
separation. 

BRIEF D ESCRIPTION OF THE DRAWINGS , 

20 Fi 9- 1 is an exploded perspective view of an 

apparatus for affixing a rotating cylindrical magnetron 
target to a spindle of this invention, illustrating a 
support spindle, cylindrical target, fixation ring, seal 
groove and removable thread configuration; and 

25 Fig. 2 is a side elevation cross-sectional view 

of the affixing apparatus of this invention. 

BEST MO DE FOR CARRYING OUT THE INVENT TOM 

A rotating cylindrical magnetron target is 
supported by a spindle on at least one end, in the case of 
a single support spindle system, and at both ends, in the 
case of double support system. In this description only 
one end of the target will be described, since in the case 
of a double-ended support system, both spindle- to- target 
interfaces are symmetrical . 

There are two types of cylindrical targets to be 
considered. The first type is a solid cylinder composed 
of the material that will be sputtered and ultimately be 



30 



35 



WO 97/15697 




PCT/US96/1 81 86 



7 



deposited on the passing substrate. These cylinders are 
made of materials that are strong enough to support 
themselves over the required length. This type of target 
is known as an "unsupported" target. The materials that 
5 can be used in the "unsupported" form, include, for 

example, Titanium, Stainless Steel or Niobium. The second 
type of target is for those materials to be sputtered that 
do not have the mechanical strength required to support 
themselves over the required length of the target (such as 

10 Silicon). Therefore, a supporting cylinder or "backing 

tube" must be used to carry the material being sputtered. 
The "backing tube" would then be composed of a material 
with sufficient mechanical strength to ^upjpdrt itself and 
the sputter material it carries. This type bf target is 

15 known as a "supported" target. 

For the purposes of this disclosure, the 
"supported" target type will be discussed, since it 
represents a more difficult situation for the target-to- 
spindle interface and sealing requirements . The reason 

20 for the high level of difficulty involved with a 

"supported" target, as opposed to an "unsupported" target, 
is that for the "supported" target the surface area that 
can be utilized for the mating surface of the spindle 
flange is relatively small by comparison. 

25 The purpose of the spindle is to support the 

cylindrical target and maintain the proper position of the 
target while it rotates about its longitudinal central 
axis. The spindle is also used to compress the o-ring 
seal used to prevent the cooling liquid, typically water, 

3 0 from escaping at the spindle- to- target interface. The 
spindle consists of a hollow shaft with a flange on one 
end. The flanged end of the shaft should be of sufficient 
outside diameter such that the outside diameter of the 
flange and the outside diameter of the target (backing 

35 tube) are nearly equal, thus providing the maximum contact 
area for the two mating surfaces (the end of the spindle 
flange and the end of the backing tube) . 

Located on the end of the flanged surface of the 
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spindle is a circular o-ring groove, providing three (3) 
'contact surfaces for the O-ring. The outer radial surface 
of the O-ring groove is chamfered or angled, thereby 
providing maximum surface for the O-ring. An opposing 
5 chamfered or angled surface is also provided at the mating 
end of the target, located on the inside circumference of 
the end of the target, and that surface contains an ' 
opposing and inverse angle to the angled surface located 
on the spindle. When the spindle is assembled to the 

10 target, the O-ring groove in the flange and the chamfered 
area of the target form the O- ring groove in its entirety. 
When the O-ring is compressed into the spindle's O-ring 
groove and the chamfered area at the end of the target, 
the O-ring will make contact: with four distinct surfaces ; 

15 three surfaces in the spindle's O-ring groove and one 
surface on the target chamfered end. This arrangement 
then allows uniform compression of the O-ring by the 
Spindle and the target, and also allows the pressure of 
the cooling liquid (water) to further enhance uniform 

20 compression of the O-ring. 

The method whereby the spindle is attached to 
the target is accomplished by employing a threaded collar 
ring that slips over the spindle, and particularly the 
flanged end of the spindle. The collared area of the 

25 spindle ring has a surface parallel or nearly parallel to 
the outer surface of the flange. The collared area of the 
spindle ring is used to apply thrust to the spindle 
flange. The inner circumferential surface of the spindle 
ring contains a continuous spiral groove, making at least 

30 two (2) revolutions on its surface, for the preferred 

embodiment of the present invention. The spiral groove 
located in the inner surface of the spindle ring serves as 
a thread that is used to tighten the spindle ring onto the 
end of the target. 

35 Located on the end of the target (or backing 

tube) is a corresponding and complementary spiral groove 
having an equal and matching longitudinal pitch to that of 
the groove on the spindle ring. The spiral groove located 
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on the target end makes slightly more than one complete 
revolution around the target for the preferred embodiment 
of the present invention. A spring is then inserted, but 
not permanently affixed, within the groove provided for at 
5 the end of the target. The spring's radial surface 

preferably conforms to the radius of the groove at the end 
of the target, and wraps around the outside of the target. 
Together, the spiral groove and the spring inserted into 
the spiral groove at the end of the target form the thread 

10 mechanism utilized by the matching spiral groove located 

within the spindle ring. The spindle ring is then screwed 
onto the fend of the target until the end of the flange' and 
the target end make contact, thereby comple ting the 
fixation of the spindle to the target. Proper tightening 

15 of the spindle ring completes the fixation of the spindle 
onto the target, and provides uniform o-ring compression, 
with sufficient axial and longitudinal 1 strength. 

Referring now to the drawings, the method of 
attaching spindle 20 to the end of cylindrical target 10 

20 is accomplished by screwing spindle ring 30 over the outer 
circumference of target 10. During the tightening 
process, spindle ring 30 aligns and draws the flanged 
surface 22 of spindle 2 0 onto the mating surface 12 at the 
end of target 10. As the two mating surfaces 12, 22 (the 

25 flange surface of spindle 20 and the mating surface of 

target 10) make contact, O-ring 40 is uniformly compressed 
into O-ring groove 50. Groove 50 has three contact 
surfaces 52, 54 and 56, with contact surface 56 preferably 
forming an obtuse angle relative to contact surface 54, to 

30 provide maximum surface for the O-ring. O-ring groove 50 
is of sufficient depth so as to insure against over- 
compression of O-ring 40. Upon completing the tightening 
process, O-ring groove 50 and chamfer surface 60 on the 
end of target 10 form the completed sealing surfaces 

35 utilized by O-ring 40. 

The thread mechanism utilized by spindle ring 30 
is accomplished by inserting spring 70 into the spiral 
groove 8 0 provided on the outside circumferential surface 
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of target 10. Conforming to the spiral pitch of groove 
80, the spring then forms the mating thread surface for 
complementary groove 90 on the inner circumf erential 
surface of spindle ring 30. Because spring 70 is not 
5 permanently affixed into groove 80, spring 7 0 can be 
removed from target 10 upon disassembly when the 
sputtering material has been depleted, thereby providing 
an efficient method for recycling of the backing tube. 

j While this invention has been described in 

10 connection with preferred embodiments thereof, it is 

obvious that modifications and changes therein may be made 
by those skilled in the art to which it pertains without, 
departing from the spirit and scope of the invention, v 
Accordingly, the scope' of this invention is to be limited 

15 only by the appended claim** and their legal equivalents. 
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CLAIMS 

What is claimed as invention is: 

1. An apparatus for affixing a rotating 
cylindrical magnetron target structure to a spindle, said 
target used to deposit sputtered coatings onto a variety 
of large substrates, said apparatus comprising: 

a spindle member including a hollow shaft 
terminating in. a flange portion having an end surface, 
said end surface including ah O-ririg in a circular O-ring 
groove, said flange portion halving a diameter; 

a cylindrical target structure having a 
threaded outside circumferential surface and an end 
surface, said target structure having a diameter generally 
equal to said spindle member flange portion diameter; and 

a collar ring having a threaded inner 
circumf erential surface, said collar ring adapted to fit 
over said spindle member flange portion to engage said 
cylindrical target threaded outside circumf erential 
surface and releasably secure said cylindrical target end 
surface to said spindle member end surface adjacent said 
O-ring. 

2. The apparatus of claim 1 wherein said collar 
ring inner circumferential surface contains a continuous 
spiral groove making at least two revolutions on its 
surface. 

3. The apparatus of claim 2 wherein said 
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cylindrical target structure threaded outside 
circumferential surface comprises a spiral groove having 
an equal and matching longitudinal pitch to that of said 
collar ring continuous spiral groove, and said cylindrical 
target structure spiral groove makes at least one complete 
revolution around said target outside circumferential 
surface . 

4 . The apparatus of claim 3 wherein said 
cylindrical target structure threaded outside 
circumferential surface spiral groove includes a spring 
member which is inserted but not permanently affixed 
within said target structure spiral groove, 

5. The apparatus of claim 4 wherein said spring 
member includes a radial surface conforming to said target 

15 structure spiral groove. 

6. The apparatus of claim 1 wherein said 
spincile member flange portion circular O-ring groove 
provides at least three contact surfaces for said O-ring. 

7. The apparatus of claim 6 wherein said 
20 spindle member flange portion circular O-ring groove 

provides at least one chamfered contact surface. 

8. The apparatus of claim 7 wherein said 
cylindrical target structure end surface includes a 
chamfered surface. 

25 9 - The apparatus of claim 8 wherein said target 

structure chamfered end surface comprises an opposing and 
inverse angle to said spindle member flange portion O-ring 
groove chamfered surface. 
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